ABSTRACT: The floristic composition and structure of the Dry Afromontane Forest at Bale Mountains National Park was studied from July 2003 to June 2004. A total of 90 plots were established at three sites (Adelle, Boditi and Gaysay) at an altitudinal range of 3010-3410 m. The cover abundance values, density, and diameter at breast height and list of species were recorded in each plot. About 230 species belonging to 157 genera and 58 families were identified and documented. Analysis of vegetation data revealed 5 homogenous clusters. The densities of trees in the diameter class >2 cm were 766 and 458 individuals ha -1 in Adelle and Boditi forests, respectively. The basal areas were about 26 and 23 m 2 ha -1 in Adelle and Boditi forests, respectively. About 43% of the basal area in Adelle and 57 in Boditi forests were contributed by Juniperus procera and Hagenia abyssinica, respectively. Both Adelle and Boditi forests were found at an earlier secondary stage of development and had, more or less, a similar trend of development. The population structures of tree species were assessed and these had clearly signalled the occurrence of excessive cutting of selected diameter classes of ecologically, economically and medically important tree species for various purposes, particularly for construction.
INTRODUCTION
The highland area of Ethiopia was once covered with extensive forest resources (EMA, 1988) . However, the country has lost these resources at an alarming rate due to various reasons. According to EFAP (1994) , the annual loss of forest resources of the country is estimated between 150,000 and 200,000 ha.
The most important reason behind the rapid deforestation rate in the country is the everincreasing human population growth. This rapid increase in human population is associated with a very high demand for agricultural and grazing lands, forest resources for firewood, charcoal, timber, construction, and many other purposes. Fire, inappropriate investment activities, and lack of viable land use policy have also been key factors for the rapid decline of forests in the country (Friis, 1992; Taye Bekele et al., 1999) .
The Bale Mountains National Park (BMNP) is primarily established for the conservation of the critically endangered Ethiopian endemic mammal species, the Ethiopian Wolf (Canis simensis) and Mountain Nyala (Tragelaphus buxtoni). Nonetheless, the park has extremely diverse habitats that are mainly the results of altitudinal variations, and these have supported so many other endemic flora and fauna (Miehe and Miehe, 1994) . Moreover, the park is a site for the origin of numerous water bodies that are incredibly vital for the livelihood of both the lowland and highland dwellers (Williams, 2002) . However, the BMNP and many other protected areas in Ethiopia are not well managed and their resources are being exploited unsustainably (Shibru Tedla, 1995) .
For effective management and conservation of this unique ecosystem of the country, there is an urgent need to develop a sound management plan, and this, in turn, requires detailed baseline information on the ecology of the area. Menassie Gashaw and Masresha Fetene (1996) studied the plant communities of the Afroalpine vegetation of Sanetti plateau. Miehe and Miehe (1994) studied the Ericaceous forests of the Bale Mountains. The National Herbarium (2004) carried out a general biodiversity assessment of the park and surrounding areas. Nevertheless, the floristic composition, plant community and structural analysis of the Dry Afromontane Forest in the Bale Mountains National Park have not previously been investigated. Therefore, the present study was conducted to determine the floristic composition, identify plant communities and carryout structural analysis of the Dry Afromontane Forest in the park, and this is believed to contribute a lot to the effort being made in the development of a sound management plan for effective conservation of the park resources.
MATERIALS AND METHODS

Study area
The study area is located in Oromia National (Mohr, 1963) . The rocks formed from these trapean lavas mainly consist of trachytes, with some amounts of rhyolytes, tuffs, basalts, and associated agglomerates (Morton, 1976) . The trachytic and basaltic rocks weather predominantly to the fairly fertile loam soils that are of reddish-brown to black in colour (Miehe and Miehe, 1994 ).
The study area has a bimodal rainfall distribution from March to October, with the highest rain falling in April and then from July to October (Fig. 2) The vegetation in the northern part of the Bale Mountains forms the southern margin of the 'widespread, largely undifferentiated Afromontane forest area' of central and north Ethiopia (Miehe and Miehe, 1994) . Altitudinal and associated climatic variations along this site have resulted in the formation of four distinct vegetation zones each of which has its own unique flora and fauna. These are the grasslands of Gaysay valley and Dinsho, the Juniperus-Hagenia forests, the Erica or heather belt, and the Afro-Alpine moorlands of the plateau and the central peaks (Williams, 2002) . Based on the reconnaissance survey, three sites (Adelle and Boditi forests, and Gaysay grassland) were chosen within the park area some 5 to 7 km northeast of the Bale Mountains National Park (BMNP) headquarters. These sites were chosen because they were relatively better protected and the extent of human disturbance was relatively less than in the other areas of the Dry Afromontane Forest in the park. The Gaysay grassland is almost a flat area that lies between Adelle and Boditi. The altitudinal ranges of Gaysay grassland, Boditi and Adelle are 3010-3060 m, 3060-3410 m, and 3070-3350 m above sea level, respectively.
Five line transects were laid on each of the two sites (Adelle and Boditi) beginning from the Ericaceous zone to the edge of the forests. The distance between transects was 500 m. A total of 32 (Adelle) and 36 (Boditi) nested plots (30 x 30 m for trees, 5 x 5 m for shrubs and 2 x 2 m for herbs) were established at every 35 m drop in altitude along these transects.
Gaysay grassland shows little altitudinal variation, and therefore, floristic data were collected from this site following Kumelachew Yeshitela and Tamrat Bekele (2002) through subjectively selected homogenous representative stands. In such a way, 22 nested plots (5 x 5 m for shrubs and 2 x 2 m for herbs) were analysed from this site.
Altitude was measured for each sample plot using 'Pretel' digital altimeter. GPS readings of latitude and longitude coordinates were also recorded for each plot.
Vegetation data collection
A complete list of herbs (plants whose stem does not produce woody, persistent tissue), shrubs (woody plants having several stems at or near the base of the plant and less than 3 m tall), lianas (woody plants which use trees and other means to climb over the canopy) and trees (woody plants having a dominant stem and more than 6 m tall) were made in each plot. The occurrence of lichens, bryophytes and vascular epiphytes were also noted. The 1-9 modified Braun-Blanquet scale (van der Maarel, 1979) was used to estimate the coverabundance values of tree and shrub species.
The diameter at breast height (DBH), i.e., 1.3 m from ground was estimated for each tree and shrub species by measuring circumference and later converting to obtain estimates of DBH following Abate Ayalew (2003) . In cases where the tree or shrub branched at about breast height, the circumference was measured separately for the branches. Trees and shrubs with DBH > 2 cm were counted in each plot.
Voucher specimens of plants were collected from the study area, allotted collection numbers, pressed, and dried for identification at the National Herbarium (ETH), Addis Ababa University. Some of the plants were identified in the field while most were identified at the National Herbarium by comparing with already identified herbarium specimens and using taxonomic keys in the Flora of Ethiopia and Eritrea (Hedberg and Edwards, 1989; 
Data analyses
Vegetation data was analysed using TWINSPAN program version 1.0 (Hill, 1979) . In this program the following options were chosen: Number of pseudospecies cut levels 3; Cut levels 0 6 10; minimum group size for division 3; maximum number of indicators per division 10; maximum number of species in final tabulation 55; weights for levels of pseudospecies 1 3 3; and all the rest of the different options in this program were set to default values.
The plots were thus grouped into clusters by this program, and the community types distinguished from the output were further refined in a synoptic table. The product of average cover-abundance values of a species and its frequency in a community type were taken as the synoptic values of the species in the community type (van der Maarel et al., 1987) . Eventually, the community types were named after one or more dominant and/or characteristic species.
Vegetation data was also subjected to hierarchical agglomerater cluster analysis in PC-ORD 5.0 (McCune and Mefford, 1999) with the cluster setup of Sorenson's (Bray-Curtis) distance measure and flexible beta (cluster flexible beta value = -0.25) group linkage method so as to obtain dendrogram of communities along with respective sample plots.
Structural analysis was performed on the basis of density, frequency, DBH (2003), and the density distribution of tree and shrub species were computed in each class. The distribution of the size classes was evaluated by computing the density of individuals with DBH >10 cm and > 20 cm as well as the ratio of the former to the latter. According to Grubb et al. (1963) , the ratio of 'density at DBH class >10 cm' to 'density at DBH class >20 cm' can be used as a measure of the distribution of the different size classes. The patterns of species population structure detected were interpreted as a sign for the alteration in population dynamics in the forests (Popma et al., 1988) .
The following structural parameters were calculated for some species following MuellerDombois and Ellenberg (1974) and Martin (1995) :
Percent frequency of a species = the number of plots in which that species occurs/total number of plots X 100
Relative frequency = Frequency of species A/total frequency of all species X 100
Density of a species = the number of individuals of that species/area sampled Relative density = Density of species A/total density of all species X 100
where DBH is the diameter at breast height (cm), π = 3.14 Dominance = Total of basal area / area sampled
Relative dominance = Dominance of species A/total dominance of all species X 100
Importance Value Index = Relative density + Relative frequency + Relative dominance.
RESULTS AND DISCUSSION
Floristic composition
A total of 230 plant species belonging to 157 genera and 58 families were identified in this study indicating that the area was more rich in its plant diversity (see Appendix I) than Jibat Forest ( Tamrat Bekele, ). This could be attributed to its efficient and successful dispersal strategies as well as adaptation to a wide range of ecological conditions. The most dominant growth forms were herbs with 183 species (79%) followed by shrubs with 26 species (11%). The other growth forms include epiphytes with 9 species (3.9%), trees with 6 species (2.6%), herbaceous climbers with 5 species (2.2%) and lianas with 3 species (1.3%).
Plant community types
Analysis of vegetation data using TWINSPAN program revealed five clusters that could be recognized as plant community types. Five community groups were also identified in the dendrogram output of the hierarchical agglomerate classification in PCORD 5.0 (McCune and Mefford, 1999). Community groups in this dendrogram were determined at 25% information remaining within groups (see Appendix II). One or a combination of dominant or characteristic species having high synoptic values in the type was/were used to name these plant community types ( Table  1) . The description and altitudinal distribution of these plant community types is given below. Unfortunately this study did not address analyses of a range of possible environmental variables except altitude that could shape the distribution of identified plant communities.
Erica arborea community
This community type was dominated by Erica arborea and was found at an altitudinal range of 3130-3410 m. A study conducted at Wof-Washa Forest (Demel Teketay, 1995b) also showed particular dominance of this species in the aforementioned altitudinal zone. Senecio ochrocarpus, Echinops macrochaetus, and Carduus leptacanthus were characteristic species in this community. Significant numbers of Juniperus procera, Helichrysum splendidum, Ferula communis, and Kniphofia foliosa were also found in this type. Species such as Myrsine melanophloeos, Hagenia abyssinica, Solanum marginatum, Salvia merjame, and Senecio ragazzii, were common whereas Hypericum revolutum, Helichrysum quartitianum, Solanum garae and Hypericum peplidifolium were rare in this community type.
Juniperus procera -Myrsine melanophloeos -
Hagenia abyssinica community This community type lied at an altitudinal range of 3060-3370 m, and Juniperus procera and Hagenia abyssinica trees mostly dominated the upper canopy. Very significant proportions of Hypericum revolutum, Myrsine melanophloeos, and Kniphofia foliosa were also found. Characteristic species in this community included Juniperus procera, Euphorbia dumalis and Rosa abyssinica. Other common species that occurred in the understory layer included Solanum marginatum, Erica arborea, Helichrysum splendidum, Ferula communis and Salvia merjame.
Hypericum revolutum -Myrsine melanophloeos -Hagenia abyssinica -Solanum marginatum community
The altitudinal range of this community type lied between 3090 m and 3350 m and Hypericum revolutum and Hagenia abyssinica trees dominated its upper canopy. Myrsine melanophloeos and Solanum marginatum were also dominant. Kalanchoe petitiana, Discopodium eremanthum and Solanum marginatum were characteristic species of this type. Other important species in this community type comprised Kniphofia foliosa, Salvia merjame, Senecio ragazzii, Euphorbia dumalis and Ferula communis. Some species like Erica arborea, Juniperus procera, Rosa abyssinica, Malva verticillata, and Echinops hoehnelii occurred infrequently.
Artemisia afra -Nepeta azurea community
This community type was found at an altitudinal range of 3010-3050 m, and its upper layer was dominated by Artemisia afra and Helichrysum splendidum. Nepeta azurea was the characteristic species and highly associated with Artemisia afra. Kniphofia foliosa and Ferula communis were also common. Plant species like Hypericum revolutum, Euphorbia depauperata, Hypericum peplidifolium, Astragalus atropilosulus, and Rubus erlangeri were rarely seen.
Ferula communis -Helichrysum splendidum
community This community type was found at an altitudinal range of 3010-3060 m, and Ferula communis was the dominant species. Substantial numbers of Salvia merjame, Helichrysum splendidum, Kniphofia foliosa and Artemisia afra were also present. Euphorbia depauperata and Helichrysum foetidum were other common species whereas Hypericum revolutum and Hypericum peplidifolium were rare.
Communities 1, 2, 3, 4 and 5 were found to accommodate about 35, 44, 40, Echinops macrochaetus 0. 
Density of tree and shrub species
The densities of trees and shrubs were 898 individuals ha - The density of trees alone at the DBH class > 2 cm was 766 individuals ha -1 in Adelle Forest, accounting for 85.3% of the total density of trees and shrubs (Table 2 ). This was actually greater than density of tree species at Mana Angetu Forest (408 stems ha -1 ) (Ermias Lulekal, 2005). The corresponding density in Boditi Forest was 458 individuals ha -1 , representing 92% of the total density of trees and shrubs. Tree density in Adelle Forest at the DBH class >10 cm was 413 individuals ha -1 , accounting for 96% of the total density of trees and shrubs. The corresponding value in Boditi Forest at the same DBH class was 256 individuals ha -1 , and it accounted for 91% of the total density of trees and shrubs. Similarly, at the DBH class > 20 cm, the tree density in Adelle Forest was 164 individuals ha -1 , representing 94% of the total density of trees and shrubs while that of Boditi Forest was 114 individuals ha -1 , and this accounted for 91% of the total density of trees and shrubs.
The ratio of 'density at DBH class >10 cm' to 'density at DBH class > 20 cm' in Adelle was 2.52 and 2.25 in Boditi (Table 2 ). These comparisons indicated that both Adelle and Boditi forests were dominated by more numbers of small-sized individuals. The dominance of small-sized individuals was slightly greater in Adelle than in Boditi. This predominance of small-sized individuals was largely due to the high density of 
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The general pattern of distribution of trees and shrubs in the two forests along the different DBH classes was more or less similar and assumed an inverted J shape (Fig. 3 ). An inverted J shape population age distribution could somehow indicate a healthy regeneration status of the forests (Demel Teketay, 1997) though analysis of population structures for each individual tree and shrub species could provide more realistic and specific information for conservation measures. Similar overall population patterns were reported for Kimphee Forest (Feyera Senbeta and Demel Teketay, 2003) and for the vegetation in the islands of Lake Ziway (Haileab Zegeye et al., 2006) . About 53% of the individuals in Adelle and about 51% of the individuals in Boditi forests lied in the DBH class 2-10 cm.
Comparison of the percentage of stems with DBH < 50 cm in the two forests revealed very close figures, about 97% for Adelle Forest and about 96% in Boditi Forest, showing that both Adelle and Boditi possessed many small-sized individuals and very few large-sized individuals. This indicated that Adelle and Boditi were found at an earlier secondary stage of development and had more or less a similar trend of development. This was mainly due to the occurrence of excessive cutting especially during the occupation of the main park area by people from Gojera and Sidamo immigrants between 1974 and 1991 (The National Herbarium, 2004).
Basal area
The total basal area in Adelle Forest was about 26 m 2 ha -1 while that in Boditi Forest was about 23 m 2 ha -1 (Table 3) , 2005) . About 43% of the basal area in Adelle Forest was contributed by Juniperus procera whereas about 57% of the basal area at Boditi Forest was contributed by Hagenia abyssinica. These were followed at Adelle Forest by Hagenia abyssinica (about 25%) and at Boditi Forest by Hypericum revolutum (about 20%). This implies that Juniperus procera had the highest dominance in Adelle whereas Hagenia abyssinica exhibited the highest dominance in Boditi. Thus, these two species had more numbers of large-sized individuals than the other species. Pittosporum viridiflorum had the least input to the total basal area in both Adelle (0.2%) and Boditi (about 1%) forests. Fig. 3 . Distribution of tree and shrub species at Adelle and Boditi forests along the different DBH classes. The relative importance of tree species in a forest can better be depicted from measurements of basal area than stem counts (Cain and Castro, 1959) . Our results showed that Juniperus procera and Hagenia abyssinica were the most important tree species in Adelle Forest whereas Hagenia abyssinica and Hypericum revolutum were the most important species in Boditi Forest.
Importance Value Index (IVI)
The relative ecological significance and/or dominance of tree species in a forest ecosystem could best be unravelled from analysis of IVI values (Curtis and Mcintosh, 1950) . Our results of the calculation of IVI thus helped to identify the dominant tree species in both Adelle and Boditi forests (Table 4) . In Adelle Forest, Myrsine melanophloeos exhibited the highest IVI (about 99) followed by Juniperus procera (about 82), indicating that the two species were the dominant tree species in this forest. The highest IVI in Boditi Forest was exhibited by Hypericum revolutum (about 86) followed by Hagenia abyssinica (about 83), which shows that the two species are the dominant in Boditi Forest. Pittosporum viridiflorum was the least dominant species at both forests because it had the least relative dominance, relative density and relative frequency. In the current study, the population structure of six tree species (Erica arborea, Myrsine melanophloeos, Juniperus procera, Hypericum revolutum, Hagenia abyssinica and Pittosporum viridiflorum) was determined using their density at the various DBH classes. Consequently, four representative patterns were detected in both Adelle and Boditi forests (Fig. 4) . The first pattern indicated a high number of individuals in the first DBH class followed by a progressive decline in the number of individuals with increasing DBH. This pattern, exemplified by Myrsine melanophloeos and Erica arborea (at Boditi), suggests good recruitment and good regeneration (Fig. 4A) . A similar pattern was also reported by Demel Teketay (1997) for 17 and 18 species at Gara Ades and Menagesha dry Afromontane forests, respectively. The second pattern, exemplified by Juniperus procera in Boditi, indicated absence or very few numbers of individuals in the lower three DBH classes, few numbers of individuals in the next four DBH classes, absence of individuals in the 8 th and 9 th DBH classes and some individuals with DBH > 150 cm (Fig. 4B ). This pattern indicates hampered regeneration caused by heavy human pressure on the species leading to scarcity of mature individuals that can serve as seed sources. This pattern was more or less similar to population structures of 14 species in Gara Ades and 7 species in Menagesha dry Afromontane forests (Demel Teketay, 1997 Figure  4D ). The species that exhibited the fourth pattern of population structure are in the verge of local extermination. This pattern of population was nearly comparable to reported structure of Hagenia abyssinica in Dindin Forest (Simon Shibru and Girma Balcha, 2004) suggesting that the species was under sever threat not only in the current study area but also in other similar forests of the country. This raises concerns for its conservation and sustainable utilization. Fig. 4 (A-D) . Population structure of representative tree species at Adelle and Boditi forests. According to its IVI value, Myrsine melanophloeos was the most dominant tree species at Adelle Forest. However, when the population structure of this species was critically evaluated at the different DBH classes, it was found only at the 2-10 cm and 10-20 cm DBH classes and was absent in the higher DBH classes. Of course, its largest density was in the DBH class 2-10 cm. The absence of this species at the higher DBH classes was due to the growth nature of the species. The density of this species was higher in Adelle than Boditi forests in the first two DBH classes. The number of individuals declined from DBH classes 20-30 cm to 30-50 cm in Boditi Forest whereas there were no individuals in these DBH classes in Adelle Forest (Fig. 4A) , which could be attributed to selective cutting of individuals of the species for construction and fencing purposes
The other most dominant tree species in Adelle Forest was Juniperus procera. This species had its highest density in the DBH class 50-70 cm and there were no individuals in the first DBH class (2-10 cm). The absence of individuals in the first diameter class indicated its poor regeneration capacity. The population structure of this species assumed a bellshaped distribution with very few individuals at the lower DBH classes, high number of individuals at the middle DBH classes and very few individuals again at the higher DBH classes. The relatively smaller proportions of this species in the DBH classes 10-20 cm and 20-30 cm was due to selective removal of individuals for various purposes, mainly for construction. Significant numbers of stumps were observed during data collection. Only few individuals, at DBH classes 2-10 cm, 90-110 cm and > 150 cm, were encountered in Boditi Forest. At Adelle Forest, there were no individuals in these three DBH classes. The major reason for the relative absence of this species in Boditi Forest as compared to Adelle Forest may be due to the difference in the moisture content of the two forests, which in turn is due to the position of the two mountains. Adelle is situated on the leeward side and is relatively dry while Boditi is situated on the windward side and receives wet air. Demel Teketay (1999) mentioned this species as one of the characteristic species in the dry Afromontane forests of the country. This implies that the species prefers relatively dry montane areas like Adelle Forest than wet areas like Boditi Forest. Another possibility might be due to fire treatment requirements of Juniperus procera seeds for germination. Adelle was burnt some years back and seeds of this species were treated with fire that facilitated their germination in that area while Boditi was not burnt and seeds had no chance for fire treatment causing for the relative absence of the species in Boditi (Rainer W. Bussmann, personal communication). However, the absence of individuals in some of DBH classes in Boditi Forest still requires detailed and independent study.
Hypericum revolutum was the most dominant tree species at Boditi Forest. The density of this species had an increasing trend from the first to the 20-30 cm DBH classes and a decreasing trend from this point towards the higher DBH classes both at Boditi and Adelle forests (Fig. 4C) . Its absence in the higher DBH classes was due to its growth nature. The regeneration capacity of this species was relatively better than Juniperus procera and Hagenia abyssinica.
The second most dominant tree species at Boditi Forest was Hagenia abyssinica. Individuals of this species were absent in the three lower DBH classes in both forests, except very few individuals in the first DBH class in Adelle. The available individuals of this species were relatively mature, and this was true particularly in Boditi Forest than at Adelle Forest (Fig. 4D) . This species was, thus, with the poorest regeneration status than the others. This might have happened due to the poor reproductive capacities of its old individuals. The regeneration ecology and reproductive biology of this and the other species should, therefore, be investigated in the study and other similar areas in the country.
